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A dependência do automóvel ainda é considerada um problema, apesar do desenvolvimento, 
multiplicidade e diversidade da oferta de transporte público. A falta de integração efetiva dos usos do 
solo com os transportes pode prolongar o problema. O desenvolvimento orientado para o transporte 
público (TOD) é adotado como uma técnica para alcançar um equilíbrio entre a procura de transporte e 
a procura de uso do solo, com vista a melhorar a acessibilidade pedonal das estações de transportes 
públicos. O modelo Node-Place é uma ferramenta para classificar as estações que alcançam esse 
equilíbrio, onde o índice de Node indica a facilidade de acesso a uma estação através de transporte 
público e o índice de Place indica os usos urbanos na área de influência da estação. Segui a 
metodologia da Vale (2015), combinando o modelo Node-Place com acessibilidade pedonal (Pedshed) 
apliquei-o à escala metropolitana do Porto em Portugal, utilizando as estações da linha de metro 
Fanzeres-Senhora da Hora (linha F). Em geral, os resultados mostram que as estações que estão 
localizadas no centro do Porto têm altos valores de índices de Node , Place e Pedshed, enquanto as 
estações periféricas são consideradas desequilibradas. Este resultado é útil para fazer uma comparação 
em termos de oferta de transporte e atividades urbanas das áreas das estações e sua integração com a 
facilidade de andar a pé, e assim, procurar os procedimentos adequados para alcançar o equilíbrio e 











Car dependency is still considered an issue despite the development, multiplicity and diversity of public 
transportation. Lack of effective integration of land uses with transportation may prolong the problem. 
Transit-oriented development (TOD) is adopted as a technique to achieve a balance between the 
transportation supply and land use demands with a view to enhancing walkability in transport stations. 
The node-place model is a tool to classify stations reaching that balance, where node index is all that 
allows to access a station area via public transport, and place index is the land use characteristics in a 
station area. I followed Vale’s methodology (2015) by combining node-place model with pedestrian 
accessibility and applied it to the metropolitan scale of Porto in Portugal, using Fanzeres-Senhora da 
Hora metro line (F line) stations. In general, the results show the stations that are located in Porto center 
have high node, place and pedshed indexes values while the peripheral stations are considered 
unbalanced. This result is useful to make a comparison in terms of transportation supply and urban 
activities of stations areas and their integration with the walkability degree, and thus making the 
appropriate procedures to achieve balance and reduce the use of cars. 
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Overly car dependence has become a rising problem in the suburbs (Reusser et al., 2008; Bertolini, 
2008). Reducing car use is one of the most important steps taken in the development process of those 
areas. One of the primary car alternatives is the railway found in cities and suburbs, as this system 
operates a high number of journeys with multimodal links (Renne, 2009; Reusser et al., 2008). 
Nevertheless, this is not sufficient as the spatial distance between activities, functions, and services 
requires travelling (Kamruzzaman et al.,2014), which calls for the need to build transport systems that 
outdo cars in speed and capacity (Jain et al., 2014). In addition, developing areas surrounding railway 
stations, where place and transport activities correspond to each other, is a crucial way towards urban 
development that utilizes transit-oriented development (TOD) as part of it (Bertolini, 2008; Reusser et 
al., 2008; Renne, 2009). The latter reorganizes the place on environmental, social, economic, aesthetic 
and service-oriented bases, provides mixed land uses (residential, commercial, entertaining, service-
oriented, and institutional), and improves public transport services, including constructing a criss-cross 
street network that facilitates reaching the place and using its services and activities within an area not 
exceeding 10 minutes of walking that equals a distance of no more than 800m from the transit station 
(Jacobson and Forsyth, 2008; Kamruzzaman et al.,2014; Vale, 2015).  
While both Transit-Oriented Development (TOD) and Transit-Adjacent Development (TAD) are 
concerned with mixed land uses and improving public transport services, the latter focuses on physical 
proximity to the station, whereas the former works on founding a pedestrian-friendly environment (Vale, 
2015; Renne, 2009). Hence, TOD boosts the performance of functions and saves money and time during 
travelling to reach services, to the satisfaction of people, as it also pays attention to the aesthetical details 
of the place because of its concern with built environment which encourages walking (Kamruzzaman et 
al., 2014).  
In this way, TOD solves some of the social problems that suburbs have such as public health concerns 
and social exclusion (Reusser et al., 2008). That TOD is a place for proper human living and interaction 
is the conclusion that the National Association of Realtors and Smart Growth America arrives at in a 
survey across USA that reveals that 61% of people intending to buy houses are looking forward to live 
in neighborhoods characterized by a smart growth which TOD is part of according to Levine’s study in 
2006 (as referenced in Renne, 2009). Another study mentioned by Renne (2009) states that between 10 
and 25% of families in USA require TOD. Thus, it follows a policy of sustainable urban mobility (Vale, 
2015).  
Recent studies are concerned with measuring the degree of integration between land use and transport 
in TOD’s area. Node-Place Model is used to achieve a balance between land uses and transport (Chorus 
and Bertolini, 2011). This research aims to measure the degree of balance behavior of the F line stations 
in Porto metro network, guided by the methodology that follows Vale’s of 2015, and using the node-
place model and its indexes. The place index is the land uses’ characteristics in the station area, while 
the node index allows accessibility to the station via public transport. The model is enhanced by 
Pedestrian shed ratio (PedShed ratio) index to measure the accessibility area within distance of 500m 
from the station. Cluster analysis is used to classify the stations, allowing to learn of the necessary 





The chapter two is a transit-oriented development literature review. It shows historical background, 
definitions of TOD, its benefits and investigates the difference between Transit-oriented development 
(TOD) and Transit-adjacent development (TAD), followed by TOD typology and its characteristics. 
Furthermore, the chapter two gives an outline of the Node-Place Model and the walkability factor. The 
chapter three explains the research methodology. The chapter four gives a brief background of the case 







2 Literature View 
 
 
2.1 TRANSIT-ORIENTED DEVELOPMENT (TOD)  
After the expansion of streetcar and rail systems, in 19th century urban planning became oriented 
towards communities that rely on streetcar lines as the mean transportation. which was the basic of some 
American cities; such as Boston. those cities are considered as “legacy” of urban development based on 
transport mass (Jacobson and Forsyth, 2008). In the late 19th and early 20th century, strategies of 
building urban communities along with constructions of streetcar network were applied as Garden city 
concept (Jacobson and Forsyth, 2008; Papa and Bertolini, 2015). After the second world war, in some 
European parts, urban planning became oriented towards developing suburban areas to satellites1 
communities along transit lines (Papa and Bertolini, 2015). All of these approaches were connected to 
the need to solve urban sprawl and TOD appeared in USA as the result of all the evolving previous 
experiences along the years as a part of New Urbanism and Smart growth approaches to minimize urban 
sprawl by improving land uses along with increasing the transport supply to reduce car dependency 
(Jacobson and Forsyth, 2008; Papa and Bertolini, 2015). 
 
In nineteens, Peter Calthorpe presented and codified the Transit-Oriented development concept in his 
book “The Next American metropolis” (Carlton, 2007). However, Jacobson and Forsyth (2008) 
mentioned in their literature review that many authors have endeavored to give Transit-oriented 
development a designation in several terms, including “transit villages”, “transit-friendly design” and 
“planned, balanced communities” (Vale, 2015). Such definitions, in Cervero’s view are subjective 
(Renne, 2009). Yet, Jacobson and Forsyth agree that Calthorpe’s definition of TOD is the most inclusive 
description: “A Transit-Oriented Development is a mixed-use community within an average 2,000-foot 
walking distance of a transit stop and core commercial area. TODs mix residential, retail, office, open 
space, and public uses in a walkable environment, making it convenient for residents and employees to 
travel by transit, bicycle, foot, or car” (Calthorpe, 1993, p. 56; as referenced in Jacobson and Forsyth, 
2008). 
 
Thus, TOD is better in using lands, developing transit stations and their connectivity as well as human 
interaction according to Kamruzzaman et al. (2014). It raises the place value in terms of diversity in 
land uses and its economic utilization with activities that allow human interaction with the place and 
linking these activities directly with transit stations (transit nodes). Those nodes are connected to a 
well-connected network that opens access to any activity or service located anywhere within the 
TOD’s area itself. Therefore, in 2005, Urban Land Institute and PriceWaterhouseCoopers ranked TOD 
as “a top real estate investment” (Renne, 2009). 
The studies of Vale (2015), Papa and Bertolini (2015) and Chorus and Bertolini (2011) show that 
when a city has more diverse access model, the city economic development will increase. As an 
                                                     
1 “Satellite cities were developed in the 20th century to shift the population from congested urban 





example mentioned in Chorus and Bertolini (2011) study of Tokyo, the transit stations that are close to 
CBD (Central Business District) and carry a large number of Rapid Trains and Train connections have 
a larger workforce than the stations that don’t have this transit variety (Chorus and Bertolini, 2011). 
Thus, TOD increases the economic development since TOD works on developing transit connectivity 
and also it encourages ridership as well as increasing the commuter proportion (Papa and Bertolini, 
2015). As TOD encourages walking and bike riding towards the stations it also concerned with the 
place environment and the effectiveness of the street network and its connectivity that contribute in 
that (Papa and Bertolini, 2015; Vale, 2015; Kamruzzaman et al., 2014). thus, TOD seeks to reduce 
cars, especially that all activities have to be at a “2,000-foot walking distance of a transit stop and core 
commercial area” (Calthorpe 1993, p.56, as referenced in Jacobson and Forsyth, 2008; Papa and 
Bertolini, 2015). in sum, Attractive, diverse place + active transit nodes ⇒ disposal of the car 
(boosting walkability). 
Consequently, TOD integrates the developed place into the activated transit network services for 
achieving urban development that provides human interaction and stimulates physical activity (walking) 
with a clean environment of greenhouse gas emissions. Moreover, if these TODs were neighbors and 
connected to an efficient transport network, multi-core cities or regions would be created (Kamruzzaman 
et al, 2014; Papa and Bertolini, 2015). 
 
While there are similarities between TOD and Transit-adjacent development (TAD). Both refer to an 
area within a circle of a 10-minute walking distance (½ mile) from the main transit station. In the 
literature, TOD refers to a compact, diverse area that facilitates the transit connectivity via urban design 
(Renne, 2009; Vale, 2015). TAD however, refers to an area that has physical proximity to transit station 
but without considering transit connectivity nor friendly pedestrian environment (Renne, 2009; Vale, 
2015, Lyu et al., 2016). In Vale’s study (Vale, 2015) on station areas of Lisbon, there was one group 
that was considered as “balanced TAD” stating that the place and transit station features were balanced 
when there is a physical proximity between the destinations and the station. However, lack of transit 
connectivity with poor walking conditions led the area to be qualified as TAD. In another example, 
Renne (2009) has made a study on three major rail stations in the East San Francisco Bay Area to 
illustrate examples of TAD and TOD. His study shows that, on one hand, a city that has few street links 
and intersections with low density and poor pedestrian environment that almost a pedestrian and bike 
access does not exist, represents TAD. On the other hand, a city with a high concentration in housing, 
jobs, services and provides pedestrian, bikes and vehicles accessibility along with streets links and 
intersections, has “more sustainable transport patterns for station access” (Renne, 2009, p.10), which is 
considered a TOD area. 
However, sometimes it is not that easy to distinguish between TAD and TOD. For instance, according 
to Renne (2009) in his aforementioned study Hayward city is considered in-between. It is closer to TOD 
regarding grid street planning with a sufficient number of links and intersections providing accessibility 
to pedestrians and cars. However, access for bicycles is limited, which makes the city closer to the TAD 
model as the environment is more convenient for cars than it is for people, especially in comparison 
with Berkeley, which is considered as TOD. 
This discussion drove Renne (2009) to identify the station area’s characteristics in order to make it easier 






Fig. 1- The TAD-TOD differences. Source: Renne (2009, p,3) 
 
Thus, TAD has already similar physical characteristics with TOD, thereby TAD can be TOD with 
increasing transit patronage, reducing car usage, and focusing on pedestrian environment. 
 
2.1.1 TRANSIT-ORIENTED DEVELOPMENT TYPOLOGY  
To date, there are no studies that scientifically developed the criteria necessary to assess TOD’s 
quality and performance to be able to have a TOD's typology; most are based on personal evaluation. 
Here, Kamruzzaman et al. (2014) argued that the question is no longer limited to whether the site is 
suitable to TOD or not but rather extends to any kind of TOD it fits, especially that TOD can take 
different forms and in each one it performs different functions, especially that it depends mainly on the 
characteristics of the place and the node (transit station). Hence, Kamruzzaman et al. (2014) explain 
that the sites can be classified by scale (large city, small city or a town), location in the metropolitan 
area (metropolis or suburban) and by transit type (railway or ferry boat). Whereas, Lyu, G et al. (2016) 
clarify that the TOD's typology depends on classifying the stations morphologically and functionally 
(urban TOD or neighborhood TOD) "based on the main spatial orientation of the functions in the area" 
(Lyu, G et al., 2016, p. 42). Therefore, TOD sites would have some common characteristics as well as 
the classification allows comparisons to be made and evaluates TOD’s performance, which will help 
infrastructure companies to know the required procedures to develop/maintain the development 
process (Kamruzzaman et al.,2014). 
As a result, there is an urgent need for scientific studies to develop TOD typology that would help in 
planning TOD in an optimal scientific way to be a strategic long-term planning tool (Kamruzzaman et 







2.1.2 TRANSIT-ORIENTED DEVELOPMENT CHARACTERISTICS  
As mentioned previously, TOD's elements are the transit station (the node), which can be; the bus, 
metro, ferryboat or the train station, and the place that surrounds the node within specific walking 
distance up to 400 meters or 800 m (¼ mile to ½ mile), representing a 5 minutes to 10 min of walking. 
The previous discussion shows that TOD depends on place and node characteristics. TOD's place has a 
compact, diverse community, whereas, TOD's node has transit connectivity and various means of 
transport and routs that people can take towards desired destinations. At the end, all those properties 
should serve pedestrian accessibility rather than vehicles. As the accessibility is an important factor in 
the relationship between the place and station, if there is a correspondence between transit station and 
the place, accessibility is increased, and thereby the demand for travel increases. Among the main 
indicators to characterize TOD many authors agree on the importance of considering Density, 
Diversity, Design (the original 3Ds of Cercevro and Kockelman, 1997), Destination accessibility and 
Distance to Transit, which have been called the 5Ds (Singh et al, 2014). 
 
A place that contains one type of land use imposes monotony in place (Singh et al., 2014; 
Kamruzzaman et al., 2014). Diversity of activities and events in the place is an important attraction for 
the area and especially if these activities are at different times of the day, week, or the year that 
increases the flow of visitors, thereby making the place more lively and socially and physically 
interactive, creating a safety component (Singh et al., 2014; Jacobson and Forsyth, 2008).The more the 
area allows the provision of public places with diverse activities, the more diverse groups are attracted, 
which increases the social factor, which in turn increases the housing market and thus the possibility 
of future growth of the area (Singh et al., 2014; Jacobson and Forsyth, 2008). Moreover, land uses 
diversity can achieve greater economic development. Renne (2009), Jacobson, and Forsyth (2008) 
argue that a high number of business establishments, landmarks or stores contributes to a larger influx 
of people and thus an economic benefit to the place. This is what led Singh et al. (2014) to take the 
business establishment level as an important factor in TOD. 
 
Furthermore, having public facilities, services, retail, residential use and job opportunities in a small 
range where the distance between them does not exceed 10 minutes of walking will lead people to do 
their daily work on foot or ride bicycles and thus reduce the use of vehicles (Singh et al., 2014; Renne, 
2009; Jacobson and Forsyth, 2008). According to Renne (2009), within a 10-minute radius of the 
station you will need to provide 10000 people with job opportunities, resulting in increasing the level 
of employment and relying on car alternatives such as public transportation, bikes and walking (Papa 
and Bertolini, 2015). Kamruzzaman et al. (2014) mention that studies have shown that people who live 
in non-TOD areas use public transportation 1.4 times less and go for walking and biking 4 times less 
than people who live in TOD areas. Accordingly, TOD allows for a variety of transportation modes 
which in turn improve accessibility, transport quality, and capacity, and diversify the passenger market 
(Singh et al, 2014; Jacobson and Forsyth, 2008; Renne, 2009), thereby enhancing life conditions in the 
area, especially by increasing transport services, viz, increases number of trips that affect the TOD's 
area accessibility. If transport services provide transit connectivity, it increases directions toward the 
desired destinations which strengthens the area's accessibility (Chorus and Bertolini, 2011; Singh et 
al., 2014; Jacobson and Forsyth, 2008; Renne, 2009) particularly when the spatial distribution is taken 
into consideration where the node location affects its services usage (Jacobson and Forsyth, 2008; 
Papa and Bertolini, 2015). Renne’s study (2009) shows that residents near transport stations use 
transport 3-5 times more than residents away from stations, while Chorus and Bertolini (2011) show 




studies show that spatial distribution affects land prices; the closest real estates to transport stations are 
the most expensive (Chorus and Bertolini, 2011). However, the healthy mix of land use is important to 
creating spaces that facilitate, encourage biking and walking, and contribute to spaces' preservation 
(Singh et al., 2014; Jacobson and Forsyth, 2008). 
 
To strengthen walkability and biking in TOD's area, the street network’s design and quality and its 
appropriateness for walking and biking must be considered. Increasing the intersections and street 
connections results in a more comfortable motion and faster access to destinations (Renne, 2009; 
Singh et al., 2014; Jacobson and Forsyth, 2008; Kamruzzaman et al., 2014). An important requirement 
to achieve such a result is the design on the human scale, i.e. the journey from one point to another has 
to be comfortable on foot (5-minute walking) to help encourage walking (Jacobson and Forsyth, 
2008). One of the design elements on the human scale is the dimensions of the blocks: the sizes of the 
buildings should be small and balanced with spaces to create a convenient environment for walking. It 
should be noted that maintenance is an important factor at human scale, as poor design can lead to a 
damage that makes people avoid the place (Jacobson and Forsyth, 2008; Kamruzzaman et al., 2014). 
Therefore, transport stations should be attractive and comfortable, forming a shelter from the rain and 
strong sun rays. They ought to be bright, containing benches for sitting down and gathering (Jacobson 
and Forsyth, 2008; Kamruzzaman et al., 2014; Renne, 2009). 
In view of what was stated previously, the place and transport station “node” characteristics directly 
affect destination accessibility and distance to the node, where the land-use relationship with the 
transport station/network is the direct measure of accessibility. The latter is, therefore, an important 
tool for measuring this relationship and thus identifying solutions for urban development such as 
increasing transit connectivity in places with high population and job density (Papa and Bertolini, 
2015). 
 
Hence, the TOD's indicators are taken from the 5Ds that have been explained earlier, such as number 
of commercial establishments, housing units, public utilities…, etc. Taking into consideration that the 
indicators vary from one study to another depending on research consistency. However, in Lyu et al. 
(2016) study TOD indicators are distributed using its first letters. “T” indicates transit characters; “O” 
indicates orientation toward the transit station. Therefore, the indictors are related to station characters. 
Finally, D: indicates land use characters. The appendix A at the end of their study, includes the largest 
possible number of indicators (see Lyu et al.,2016, p.48, appendix A). 
These indicators are identified to compare between TOD’s levels, evaluate TOD's performance, or 
reach TOD. To achieve the objectives of these indicators, they should be flexible, which means they 
are possible to grow or change with time. This would, in return, increase urban sustainability. 
 
2.2 NODE-PLACE MODEL 
Bertolini (1999) has established a way to organize the transit nodes (considering the site around the 
transit node as a part of the node) according to their development. A simple x, y diagram is drawn 
where x refers to the place content of an area in which the intensity and diversity of activities increase 
the human physical interaction. Whereas, the y refers to the transit node to which the accessibility 
increases that interaction. 
 
 According to Bertolini (1999), node-place model has been operationalized by Zweedijk (1997) and 
Serlie (1998) who developed the node and place indexes and brought them together through a 





station by train, bus, tram and underground, using the variables: number of directions served, number 
of stations within 45 minutes of travel and daily frequency of transit services; by car: distance from the 
closest motorway access and parking capacity; and by bicycle: number of freestanding bicycle paths 
and parking capacity, taking into account the diversity and intensity of the transportation supply as the 
main criteria. 
The place index measures the intensity and diversity of activities in the area that is within 700 meters 
walking radius from the main pedestrian entrance to the main public transit node. The used variables 
are: number of residents in the area, the number of workers per each of four economic sectors 
(retail/hotel and catering, education/health and culture, administration and services, industry and 
distribution) and the degree of functional mix, which is calculated by a formula, will be mentioned 
later in the methodology section. 
However, those variables can be changed according to the case study context. For instance, Vale 
(2015) took the number of stations within 20 minutes of travel, and he included the ferry boat station 
since it is important in traveling inside Lisbon. Moreover, in Chorus and Bertolini study of Tokyo 
(2011), the different variables for node index were: number of train connections (the stations that have 
more/multiple connections (have more passengers) leads to greater developmental potential) and 
proximity to CBD. 
 
Bertolini (1999) explained that node-place model distinguishes between five typical situations of a 
station area (fig. 2). The “unbalanced place” reveals that the density and diversity of a place is higher 
than the public transportation supply, while the “unbalanced node” reveals that the public 
transportation supply is higher than the density and diversity of a place. The “dependence” reveals that 
the density and diversity of a place and the public transportation supply are both at a minimum level, 
while the “stress” reveals that there is a conflict between the public transportation supply and the place 
needs over the space (place and node indexes reach the maximum). Reaching the “balance” means 






Fig. 2- Node-Place model. Source: Bertolini (2008). 
 
The node-place diagram in figure 2 gives an idea about what the unbalanced stations need to become 
balanced. For instance, in the unbalanced nodes, increasing place index will create more balanced flow 
of passengers during all times of the day, attracting urban development. However, reaching a balanced 
area by decreasing the node index via reducing transportation supply in the marketing world could 
cause big losses. On the other hand, in order to become balanced, unbalanced places need to increase 
their node index, which is easier than decreasing their place index. 
 
Thus, node-place model can give an idea of a transit station area position in urban development 




By walking, Human being connects the place to the node (Jacobson and Forsyth, 2008). The greater 
the strength of the place with its indicators (density and diversity) becomes, the more the flow of 
walking to the place increases, and the greater the strength of the node with its indicators (access to the 
node through the density and diversity of the transport supply) becomes, the more the demand for 
travelling grows, increasing the frequency. Therefore, in the node and place model, the place was 





indication that walking is an important factor in connecting the place to the node. Although all studies 
emphasize the importance of walking in general through recommendations concerning the human 
measurement and the urban form of the built environment of the targeted place and how it affects 
walking (Jacobson and Forsyth, 2008; Kamruzzaman et al., 2014; Park et al., 2015; Schlossberg and 
Brown, 2004; Vale, 2015; Renne, 2009), only few have considered walking as a type of mobility that 
has a supply of its own and studied the previous recommendations in detail (Jacobson and Forsyth, 
2008). 
 
The study of Park et al. (2015) illustrates how the surroundings affect walking, relying on the 
methodology of equations to understand whether the factors influencing the urban design of streets or 
walking area were sufficient to make the area structure a walkable environment. The indicators were 
distributed into 4 factor groups using factor analysis. The first factor is the Sidewalk Amenities; the 
second is the Traffic Impacts; the third is the Street Scale and Enclosure, and the fourth is the 
Landscaping Elements (see fig .3). Taking into consideration that this study was carried out on the so-
called “path walkability”, a term coined by Park et al. (2015) to refer to “the quality of physical 
walking environment that can be measured objectively based on the micro-level physical 
characteristics of a street and its adjacent intermediary space between the outer edge of the sidewalk 








Fig. 3- Graphic interpretation of the factor analysis result. Source: Park et al. (2015). 
 
These are but few examples that show how the attention paid to the visual appearance at human scale 
can make the streets narrower, congestion reduced, blocks smaller and heights lower, as well as in 
terms of the place attractiveness can diversify its functions, apply different colors, and avoid 
monotony in its form and use. This would inspire intimacy, accordingly, and tranquility on the streets 
and create transparency and visual horizons for activities in the area (Schlossberg and Brown, 2004; 
Jacobson and Forsyth, 2008; Park et al., 2015). This is on the small scale level of a street or a 
neighborhood (approximately 150 m) (Park et al., 2015). But this does not mean that the larger areas 
cannot attract pedestrians. On the contrary, according to Schlossberg et al. (2004), the areas within ¼ 
(400 m) to ½ mile (800 m) in a TOD area are the more pedestrian-oriented, which is TOD's main 
essence. In these larger areas, attention is paid to streets more than other walking factors such as the 
shape and quantity of roads which are equally important. For example, figure 4, taken from the study 





the pedestrian area increases, the poorer the pedestrian structure becomes as the main streets and 
intersections create wide cross-cutting, making it unfriendly in the area. In addition, too many streets 
located in an area not exceeding 400 to 800 meters form a traffic congestion for both cars and 
pedestrians. Figure 5 from the aforementioned study shows the impact of street intersections on 
walking. The increase in the number of links and road intersections gives more options to move in all 
parts of the area, thereby making the access of pedestrians to the area and to the desired destination 









Fig. 5- Visual Comparison of TOD Walkability (B). Source: Schlossberg et al. (2004). 
 
One of the most important elements for walking is safety which can be provided by a sufficient 
number of street lights, limited number of tunnels, by activating any neglected, inactive spaces or 
abandoned green areas, and providing various activities in the place, especially the economic ones on 
converged timetables to ensure movement around the clock (Singh et al., 2014). For example, 
according to the study of Renne (2009), the city of Berkeley that has a combination of uses leads to 
increasing walking frequency and the use of transport by building shops which attracts a high number 




It is important to have a regular maintenance of facilities and streets furniture for the safety of people, 
as low maintenance results in leaving the area in neglect and deterioration and, therefore, reducing the 
safety feeling (Jacobson and Forsyth, 2008). 
 
Thus, the pedestrian built environment contains many diverse principles that are not confined to one 
level, but rather range from paying attention to street networks, size, height and functions of buildings, 
to careful consideration of the details such as architectural features (shape of buildings) and sidewalk 
amenities (e.g. number of trees), all the way to benches in squares. All this facilitates the movement of 
humans and creates comfort. This goes under walking supplies that are of equal importance to 
transport supplies. Improving the urban design of places close to the station, taking into account the 
impact of traffic (probability of walking decreases in heavy traffic with wide crossing area), increases 
the probability of choosing to walk to the station (Park et al., 2015).  
 
Briefly, the walking built environment basically relies on density (that, on a high level, enhances the 
lively, walkable communities and it gives a major support to a high frequency in transport service), 
mixed land uses (encourages encouraging people to do their daily routines on foot or bicycle) and 
pedestrian connectivity (increasing streets links and intersections that leads to high improve pedestrian 
accessibility ratio) (Singh et al., 2014). 
However, there is an obvious lack of proven methodological approaches to achieve walkability at a 
small-scale and a lack of standard indicators that draws a clear quantitative comparison (Park et al., 
















As Porto city is growing into a contemporary city, transport networks should fulfill people’s needs with 
services and a suitable environment for them. Therefore, this study aims to shed light on the place, 
transport, and walkability conditions around the stations of the F line of Porto metro network using 
Vale’s (2015) methodology, which is using node-place model to make the first classification of stations. 
The model is enhanced by Pedestrian shed ratio (PedShed ratio) index to measure the accessibility area, 
followed by cluster analysis to make a second classification using the three dimensions: node, place and 
PedShed ratio. 
 
Initially, to calculate accessibility to a metro station, a range between 400 meters to 600 m is usually 
the most appropriate measure (Vale, 2018). Thus, the study area for metro stations is measured with a 
500 m radius circle around every station. 
 
To calculate node and place indexes for each station site, thirteen indicators were used (Vale, 2015), of 
which seven indicators are for measuring node index and six ones for measuring place index (table 1). 
 
Table 1- Node and place indicators description. 
Indicators description Calculations Transformation 
Node index 
• accessibility by metro 
  
- Number of directions 
served 




- Daily frequency of services y2 = number of trips departing 
from station on a working day 
 
- Number of stations within 
20 min of travel 
y3 = number of stations 
reachable within 20 min 
 
• accessibility by bus/train   
- Number of directions 
served 
y4 = number of directions 
offered at the station 
SQR y4 
-  Daily frequency of services y5 = number of buses/trains 
departing from station on a 
working day 
SQR y5 





- Distance from closest 
motorway access 
y6 = distance to next highway 
or freeway exit in meters 
 
- Car parking capacity y7= number of car lots offered 





- Number of residents x1 = number of residents within 
500 m 
 
• workers   
- Number of workers in 
retail/hotel and catering 
x2 = number of workers within 
500 m in retail/hotel and 
catering group 
Log x2 
- Number of workers in 
education/health and culture 
x3 = number of workers within 
500 m in 
education/health/culture 
SQR x3 
- Number of workers in 
administration and services 
x4 = number of workers within 
500 m in administration and 
services 
Log x4 
- Number of workers in 
industry and distribution 
x5 = number of workers within 
500 m in industry and 
distribution 
 
• Functional mix   











a= max (x1, x2, x3, x4, x5) 









All the indicators follow the literature review for measurement of node-place model. And to identify 
the functional degree in a station, a formula (1) had been used (Chorus and Bertolini, 2011; Vale, 2015 





After checking normality for all the variables2, six were transformed to reduce the unevenness in their 
individual scores (Chorus and Bertolini., 2011), of which three were square root transformed, and the 
other three were logarithm transformed by SPSS software. All the indicators values were rescaled 
from 0 to 1 to have the same weights3 (see annex). Then an average was calculated for place and node 
indexes of every station to make the node-place model classification of the stations. 
 
The walkability analysis dimension added to the node-place model as the pedestrian shed ratio 
(PedShed ratio), which is the ratio between the study area defined by a circle with a determinate radius 
and the accessible area by pedestrian network within that same circle (fig. 6) (Vale et al, 2018, 




Fig. 6- Pedestrian shed ratio. Source: Schlossberg and Brown., 2004, p.6. 
 
Thus, node, place and PedShed ratio are calculated for all the F line stations. Then an average was 
calculated for aforementioned indexes of every station (table 2). Finally, all the indexes are 
represented by the averages of the indicators (table 3). 
 
Therefore, to develop the classification process and to elucidate the PedShed ratio effect on the 
classification process, cluster analysis was made (Kamruzzaman et al., 2014; Reusser et al., 2008; 
Vale, 2015; Vale et al., 2018) using a Two-step analysis method via SPSS software (Reusser et al., 
2008). As the variables are continuous, the Euclidean distance measure is used (Hair et al. 2010). 
  
                                                     
2 By checking the Skewness & kurtosis z-values, which should be somewhere in the span -1.96 to 
+1.96. (Cramer, Howitt, 2004). 
3 The used formula for rescaling: 𝑥𝑛𝑒𝑤= 
𝑥 − 𝑥𝑚𝑖𝑛












4 Case study 
 
Porto city is one of the cities in Porto metropolitan area (Grande Porto), located in Northern Portugal. 
According to national institution of statistics in Portugal, Porto city area is 41.42 km2, while Porto 
metropolitan area is 2041.31 km2.  
Porto city has the most population density in Porto metropolitan area with 5626.8 inhabitants/km2, 
while it decreases to 861.78 inhabitants /km2 in Porto metropolitan area (national institution of 
statistics Portugal, 2011) (Fig. 7). 
According to Fernandes (2011), Porto is the most attractive city in terms of employment in Porto 
metropolitan area. Vehicles and public transportation (such as intercity trains and metro) are the most 
reliable means of transport to travel to Porto within the Porto metropolitan area, whereas, commuting 
by foot is less frequent. 
 
 
Fig .7- Population density in Porto metropolitan area. Source: Fernandes., 2011, p. 40. 
 
The bus network which is run by STCP (Sociedade de Transportes Colectivos) covers the entire Porto 
city along with Metro do Porto which is one of the largest light rail networks in Europe (fig .8). It 
operated in 2002 with 6 lines, 102 vehicles, and 82 stations, of which 14 are underground and 7 
districts integrate the network. 9000 people can be transported per hour and per line as 57.8 million 
validations were registered in 2017. ©Metro do Porto company has stated that 12000 cars stop 





According to ©JPN (JornalismoPortoNet)4, the metro of Porto started as a 1990 project to reduce 
traffic and to link Gaia with Matosinhos via Porto as a center. However, it was extended to Maia, 
Gondomar, Vila do Conde, Póvoa do Varzim and Trofa. At the beginning, only 4 lines were planned 
to start from Campanhã to Porto Airport, Póvoa de Varzim, Senhor de Matosinhos and Trofa. Then a 
fifth line, perpendicular, linked Santo Ovídio to S. João Hospital. After the initial project, the network 
was further extended to Estádio do Dragão (due to the euro 2004) and to Fânzeres, in Gondomar. 
 
Among the current lines, this research will focus on the F line from Fanzeres to Senhora da Hora, 
holding a total of 24 stations, which are: Senhora da Hora, Sete Bicas, Viso, Ramalde, Francos, Casa 
da Musica, Carolina Michaelis, Lapa, Trindade, Bolhao, Campo 24 Agosto, Heroismo, Campanha, 
Estadio do Dragao, Contumil, Nasoni, Nau Vitoria, Levada, Rio Tinto, Campainha, Baguim, Carreira, 
Venda Nova and Fanzeres (fig .9). Fanzeres and Senhora da Hora stations are the F line terminal, 
while Estadio do Dragao is the A, B, E lines terminal, and Campanha is the C line terminal. Five 
metro lines pass through all the stations from Senhora da Hora station to Campanha station except 
Trindade station which passes through all the six metro lines. All the stations from Contumil to 
Fanzeres provide the F line only. Trindade station is the center of the metro system as it is unavoidable 
to go through -along with Bolhao and Aliados (which belongs to the D line) stations - when seeking 
Porto downtown. While Casa da Musica station leads to Porto city center, Rotunda da Boavista. 
 
The F line is the chosen line in this study since it goes from Porto to Gondomar, yielding various 
results that would benefit the used methodology, especially that the network load factor shows the 
contrast among the F line stations according to the Annual report for metro do Porto (2011), (fig .10).  
 
                                                     
4 JPN is a multimedia journal of general information and permanent updating, monitoring the evolution 
of new communication technologies and putting into practice the most modern techniques of 
journalistic expression on the Internet. It is a project of the Degree in Communication Sciences of the 

































































All the metro data was collected from ©Metro do Porto, SA and the bus data from Sociedade de 
Transportes Colectivos do Porto (©STCP, SA), while Campanhã train data was collected from 
Comboios de Portugal (©CP). All the data was collected in winter time on a working day5. The 
number of car parking is the number of free parking spaces provided by the station itself. The station 
Estádio do Dragão provide lower charges (Park and Ride), whereas the stations that do not provide car 
parking were given zero value. For place index, data is collected from Instituto Nacional de 
Estatística– Portugal (Statistics Portugal, 2007) and from Gabinete de estratégia e planeamento (2014), 
for they are the finest census data sources available in Portugal. 
The pedestrian network is calculated by removing all the non-walkable segments using ArcGIS© and 
OpenStreetMap data. The accessible area of every station was provided by Pinho et al. (2017) analysis 
(see fig. 11). 
                                                     


























































After calculating the node, place and pedshed ratio for all the F line stations, table 2 and 3 show that 
the place characteristics have higher impact on pedestrian accessibility in most areas of the stations, of 
which 16 have higher place value than the node value. For instance, there are no bus services provided 
at the stations located between -and including- Nasoni station and Fanzeres station (Fig. 12), although, 
Levada station has 1940 workers in retail/hotel and catering (x2) within 500 meters, which is 
considered the third highest value in this group. In addition, Nau Vitoria station is the only one that 
has 0 numbers of workers in education, health, culture, administration and services within 500 meters. 
However, it has a high number of workers in industry and distribution, meaning that it serves this 
group (see annex). 
 
Table 2- The values of all the indicators for each station.  
 
Stations Node Place PedShed ratio 
Senhora da Hora 0.516157 0.38769 0.506039 
Sete Bicas 0.441411 0.45431 0.445272 
Viso 0.536205 0.407971 0.362 
Ramalde 0.48846 0.457819 0.451254 
Francos 0.536742 0.52315 0.502546 
Casa da Musica 0.638123 0.798091 0.520952 
Carolina Michaelis 0.527577 0.548825 0.44329 
Lapa 0.503282 0.522484 0.304982 
Trindade 0.701763 0.800604 0.350975 
Bolhao 0.700073 0.853856 0.628987 
Campo 24 Agosto 0.667673 0.80292 0.568402 
Heroismo 0.456412 0.571971 0.620217 
Campanha 0.578907 0.675321 0.316913 
Estadio do Dragao 0.416247 0.26991 0.278316 
Contumil 0.233453 0.23971 0.387989 
Nasoni 0.160517 0.220413 0.312779 
Nau Vitoria 0.158387 0.088031 0.341321 
Levada 0.17387 0.402286 0.532518 
Rio Tinto 0.173577 0.215179 0.333069 
Campainha 0.215714 0.241866 0.35183 





Stations Node Place PedShed ratio 
Carreira 0.183707 0.140254 0.389113 
Venda Nova 0.181104 0.277441 0.400321 
Fanzeres 0.127685 0.306101 0.383342 
 
Table 3- The final values of the indicators. 
 
Node Place PedShed 





Fig .12- The stations with no bus services . 
 
From table 2, it is obvious that Fanzeres station has the lowest node value, while Trindade station has 
the highest one. This result is obviouse since Trindade is a central staion in Porto and connects all the 
six metro lines. On the other hand, Baguim station has the lowest place value, while Bolhao station has 
the highest one. Regarding the pedshed ratio value, Bolhao station has the highest value, while Estadio 
do Dragao has the lowest one. However, the place and node values of Trindade and Bolhao stations 
are close to each other but there is a major difference in pedshed ratio value (see table 4 and fig. 13).  
By examining both  place and node indexes of the stations’ indicators, there is a clear difference in x2 
(number of workers in retail/hotel and catering), x4 (number of workers in administration and 
services) and y5 (number of buses departing from station). Figure 14 shows that difference doubling in 
y5, x2 and x4, and whose impact would not be obvious without the pedshed ratio values. In other 





a good impression, which is the opposite case in Trindade station that has big size blocks, which 
makes it hard for visitors to reach their destinations directly (fig. 15). 
 
 
Table 4- Trindade and Bolhao stations values. 
 
Stations Node Place PedShed ratio 
Trindade 0.701763 0.800604 0.350975 





























Fig .15- The surroundings of Trindade and Bolhao stations’ areas. Source: Google.maps. 
 
However, figure 16 shows that stations from Nasoni to Fanzeres hold the lowest node value, while the 
stations in the center of Porto have the highest. Figure 17 shows that Trindade, Bolhao, Campo 24 
Agosto and Casa da Musica have the highest place value; stations from Estadio do Dragao to Fanzeres 
have very low values, while stations from Francos to Senhora da Hora with Heroismo, Lapa and Carolina 
Michaelis stations hold average place value. Figure 18 illustrates that accessibility is not related to the 
location of the station, in/away from Porto center. For instance: Levada station, which is outside Porto 
center, has higher pedshed ratio value than Trindade station, which is in the center of Porto. The 
closeness of a commercial center to Levada station has a direct impact on place and PedShed ratio values 













































































































After calculating the node and place indexes, the stations are classified in accordence to node-place 
model into Stress, Balance, Dependence, Unbalanced node and Unbalanced place. However, since the 
node-place model does not have a threshold to distinguish between the five classifications. Therefore, 
based on the node-place model calculation for this research, it takes one unit to distinguish between 
balanced and unbalanced stations in terms of node and place values. For instance, a balance station 
like Franco shows no unit (0.10) differeance between its place (0.52) and node (0.53) values. On the 
other hand, unbalanced station like Heroismo has higher difference than 0.10 in place (0.57) and node 
(0.45) values. Thus, Heroismo is in unbalanced place zone. Figure 19 illustrates that Franco, Carolina 
Michaelis, Lapa, Sete Bicas and Ramalde stations are in the Balance zone, where their node and place 
values are convergent. In contrast, Bolhao, Trindade, Casa da Musica and Campo 24 Agosto station 
are in Stress zone, since they have the highest values in node and place. On the other hand, Campanha, 
Heroismo and Levada are in Unbalanced Place zone since their place values are higher than node 
values, unlike Viso, Senhora da Hora and Estadio do Dragao stations whose node values are higher 
than place values, hence their belonging to the Unbalanced Node zone. Further, Contumil, Campainha, 
Carreira, Baguim, Venda Nova, Fanzeres, Nasoni, Rio Tinto and Nau Vitoria stations are in 
Dependence zone since they have the lowest node and place values. Finally, it is clear that Levada 
station position can be considered in Dependence zone since its node value corresponds with the other 
stations’ located in Dependence zone. Yet, since its place value is 0.40, which is far higher than them, 
Levada station is then considered as unbalanced place. 
Figure 20 shows that Levada station stands out from peripheral ones, which are the dependent stations, 


































































In order to classify the stations within the three dimantions: node, place and pedshed ratio, cluster 
analysis was made using two-step analysis method with Euclidean distance measure via SPSS 
software (Hair et al. 2010). Three clusters were the optimal choice, but when trying to see the option 
of four clusters, Levada station was considered as a cluster itself by comparing between “a” and “b”, 
where “a” refers to a three clusters’ chosen group and “b” refers to a four clusters’ group. In group “a”, 
Levada station is in the cluster number 3 where the node, place and PedShed ratio mean values are low 
whereas, in group “b”, cluster number 3 contains only the aforementioned station (Fig .21).  
 
 
Fig .21- The “a” and “b” clusters groups. The cluster (3) in “b” holds only Levada station, while all the other 
clusters have almost the same results with “a”. 
 
Therefore, the cluster analysis was done by classifying the stations in three clusters (see fig .22 and 
table 5):  
 cluster 1 contains 4 stations that have high node, place and PedShed ratio; 
 cluster 2 contains 9 stations that have average node, place and PedShed ratio; 
 cluster 3 contains 11 stations that have low node, place and PedShed ratio. 
The F statistics in SPSS revealed that the node index further allows to identify the cluster classification 
(F= 60.6), followed by place index (F= 35.9), only that PedShed has the lowest impact on identifying 











Table 5- The stations in every cluster. 
 
Cluster 1 Cluster 2 Cluster 3 
Bolhao Trindade Estadio do Dragao 
Campo 24 Agosto Campanha Levada 
Heroismo Carolina Michaelis Contumil 
Casa da Musica Francos Campainha 
 Lapa Carreira 
 Ramalde Baguim 
 Viso Venda Nova 





Cluster 1 Cluster 2 Cluster 3 
 Sete Bicas Nasoni 
  Nau Vitoria 
  Rio Tinto 
 
 
DISCUSSING THE RESULTS 
After adding PedShed ratio in classification process via cluster analysis, the station labels start to be 
different (fig .23). For instance, it is obvious that Trindade station in node-place model is in Stress 
zone where node and place are maximum (see fig .19). Yet, in cluster classification, Trindade station is 
in cluster 2 where node, place, and PedShed ratio are average (see fig .23). Similarly, in node-place 
model, Estadio do Dragao station is in Unbalanced node where node index is high and place index is 
low. However, according to cluster analysis, the station is in cluster 3, where node, place, and PedShed 
indexes are low. Likewise, Heroismo station in node-place model is in Unbalanced place but after 
clustering, the station turns out to be in cluster 1 where node, place, and PedShed indexes are high. 
Also, in node-place model, Viso station is classified as unbalanced node although its place index 
(0.40) is closer to the highest place value (0.85) than the lowest one (0.04). However, after including 
PedShed ratio index to the classification process via cluster analysis, the Viso station is in cluster 2 
where node, place, and PedShed ratio are average. Thus, PedShed ratio index influences the 
classification process once it was included. Furthermore, according to cluster analysis, there is no 
difference between the stations that are close to the middle diagonal line or the stations that are far 
from it.  
As a result, cluster analysis reveals that the stations, which have low node, low place and low PedShed 
indexes in cluster 3, are isolated with poor transit system and weak urban activities resulting in car 
dependent areas, therefore, they are considered as Non TODs. However, increasing the place and node 
indexes by attracting urban development and increasing the transport supply, the areas could reach a 
typical TOD. Therefore, the aforementioned cluster is labeled as “Future TODs” according to Vale 
(2015), while cluster 1 is categorized as “Urban TODs” (Vale, 2015), which has stations that have 
high PedShed, place, and node indexes, thereby their suitability for pedestrians as walking 
accessibility is high and they are considered friendly-pedestrian TODs. As for the stations in cluster 2, 
their node and place values are balanced with a PedShed that is lower than the one in Urban TODs, 




















































The previous results show that 11 stations out of 24 are in “Future TODs” group, which means that 
almost half of F metro line stations have good potentials to become “Urban TODs” by enhancing their 
transit services and supplies and by providing their areas with more mixed uses. As a result, 
walkability will increase in the areas, especially by giving more attention towards the built 
environment that helps in increasing the pedestrian accessibility. Thus, cluster analysis is a good 
procedure to determine the impact of evaluating the walkability features. However, cluster analysis 
results are not enough to know the necessary measures to turn each station to an urban TOD. For 
instance, Levada station is classified as a future TOD, when in node-place model results it has a high 
place value. Therefore, increasing the transit services in Levada area is enough to achieve urban TOD. 
That is why in Vale study (2015), the group that has high PedShed and place with low node was 
classified as “Under supplied transit TOD”. Therefore, if the rest of Porto metro lines is included for 
future researches, the clusters numbers will increase, resulting in more classifications for Porto metro 
line stations.  
Through the study, the node-place model appeared to be simple and quick when taking a general idea 
of station classification. However, as the results show, the model is not enough in practical 
classification, for, despite measuring the correlation between the transit and urban development, it 
does not clarify the degree of this the correlation that can be shown by evaluating the walkability (Lyu 
et al., 2016). For instance, the place index of an area can be high as well as the node index, but the 
built environment, such as building distribution and street network linkage, does not help in orienting 
the attraction towards the station.  
However, in this study, if the calculations are extended to measure built environment or the design, not 
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